In this experimental work, 120 virgin female mice (body weight 40±10 gm) were divided into 6 equal groups. Mice in Group 1 served as a control. Mice in Groups 2 and 3 were fed on a basal diet provided with 100 mg/kg b.wt from each of blackseed (Nigella sativa) and garlic (Allium sativum), respectively, for one month. Mice in Group 4 were inoculated subcutanously (S/C) with Ehrlich tumor cells after one month from the start of the experiment. Mice in Groups 5 and 6 were treated similarly to those in Groups 3 and 4, respectively, for one month and then immediately inoculated S/C with Ehrlich tumor cells (ETC, 0
Introduction
Cancer has become an important topic in medicine since it is a major cause of death in both the developed and developing countries, and is now only secondary to that of myocardial infarction. 1 A great majority of human cancers (approx. 80-90%) are attributable to environmental factors. However, it is not an easy task to eliminate carcinogenic causes from the environment. While modern surgery has significantly reduced cancer mortality, the use of additional treatment such as radiotherapy and chemotherapy has resulted in no more than a 5% reduction in the number of deaths. 2 Therefore, there is a continuing search for better control and preventive methods in order to reduce cancer mortality and related side effects. Many investigations are now being carried out to discover naturally occurring compounds which can suppress or prevent the process of carcinogenesis. 3, 4 Epidemiological studies continue to support the premise that dietary intake of Allium vegetables such as garlic may reduce the risk of different types of malignancies, included tumors of the liver, 5 lung, 6 skin, 7 stomach in rodents. 8 The protective effect against cancer of Allium vegetables is attributed to organosulfur compounds (OSC) including diallyl sulfide, diallyl disulfide (DADS), and/or diallyl trisulfide (DATS).These compounds have an immunomodulatory effect. 9 Nigella sativa L. (Ranunculaceae family) seeds, commonly known as blackseed or black cumin, have been used for thousands of years as a spice and food preservative, as well as a protective and curative remedy for numerous disorders. 10 The pharmacological investigations of the seed extracts reveal a broad spectrum of activities including immunopotentiation, 11 anti-diabetic, 12 anti-hypertensive, 13 anti-inflammatory and anti-microbial action. 14 Many of these activities have been attributed to the quinone constituents of the seed. 15 The present study aimed to evaluate the anti-cancer effect of Nigella sativa and garlic (Allium sativum) against Ehrlich tumor cells by monitoring the hematologic, immunological, histopathological and electron microscopic findings.
Materials and Methods

Mice
One hundred and twenty virgin female mice (body weight 40±10 gm) were brought from Fac. Vet. Med., Zagazig University, Egypt. Mice were divided into 6 equal groups and reared in metal cages under hygienic conditions, maintained on a balanced diet, and provided with tap water for the entire study period.
Immunostimulants
Both blackseed and garlic were obtained from Medical Pharmacy and provided to selected groups of the experimented mice orally on a daily basis for 30 days consecutively with a dose of 100 mg/kg b.wt. for each of blackseed (Nigella sativa) and garlic (Allium sativum).
Ehrlich tumor cells
Ehrlich tumor cells were taken from tumor cell lines cultured in National Cancer Institute, Cairo University, Egypt. The tumor cells were diluted with normal saline in a ratio of 1:3, then injected subcutanously (S/C) to experimented mice in a dose of 0.1 mL/mouse where each 0.1 mL contain 1 million tumor cells.
Experiment
Mice in Group 1 served as control for the entire study period. Mice in Groups 2 and 3 were fed on a basal diet provided with 100 mg/kg b. wt. from blackseed (Nigella sativa) and 100 mg/kg b.wt from garlic (Allium sativum), respectively, for one month. Mice in Group 4 were inoculated S/C with Ehrlich tumor cells (0.1 mL/mouse where each 0.1 mL contain 1 million tumor cells) one month after the study start. Mice in Groups 5 and 6 were fed on a basal diet provided with 100 mg/kg b.wt from blackseed (Nigella sativa) and 100 mg/kg b.wt from garlic (Allium sativum), respectively, for one month and then immediately inoculated S/C with Ehrlich tumor cells (0.1 mL/mouse where each 0.1 mL contain 1 million tumor cells). 
Sampling
Blood and tissue specimens were taken from mice of Groups 1, 2 and 3 at one month from study start and tissue specimens were collected from mice in Groups 1, 4, 5 and 6 at two weeks from Ehrlich tumor cell inoculation.
Parameters measured
i) Total and differential leukocyte counts were performed in triplicate for each sample according to Feldman et al. 16 ii) GSH and Malnoaldhyde (MDA) of blood RBCs were measured spectrophotometerically. GSH is determined by colorimetric method by ready-made kits provided by Bio-diagnostic, Egypt, according to the manufacturer's instructions. GSH determination was based on the reduction of 5.5 -dithiobis (2-nitrobenzoic acid) (DTNB) with GSH to produce a yellow compound. The reduced chromogen is directly proportional to GSH concentration and its absorbance can be measured at 405 nm.
MDA is determined by colorimetric method by ready-made kits provided by Bio-diagnostic, Egypt, according to the manufacturer's instructions. Thiobarbituric acid (TBA) reacts with MDA in acidic medium at 95°C for 30 min to form TBA reactive product, and the absorbance of the resultant pink product can be measured at 534 nm.
iii) Serum lysozyme was determined by the turbidometric assay. Briefly, the lysozyme substrate was 0.75 mg/mL of gram positive bacterium Micrococcus lysodeikticus lyophilized cells (Sigma, St. Louis, MO, USA). The substrate was suspended in 0.1 M sodium phosphate/citric acid buffer, pH 5. USA). The units of lysozyme present in serum (μg/mL) were obtained from standard curve made with lyophilized hen-egg-white-lysozyme (Sigma). iv) Histopathology: tissue specimens from the liver, lung, kidney, intestine and spleen of the mice were fixed in 10% phosphate buffer formalin, processed routinely and blocked in paraffin. Then, five micron thick paraffin sections were prepared and stained with hematoxylin and eosin, (H&E). 17 v) Electron microscopy: selected lesions from neoplasitic mass were fixed in 2.5% glutraldehyde followed by 1% osmium tetroxide. Dehydration was carried out in ethanol using poly-ethylene capsules containing the embedding mixture (Epon mixture and hardener). Ultrathin sections were cut and stained by uranyl acetate and lead citrate. 18 
Statistical analyses
One-way ANOVA was used to evaluate the significant difference of the different treatments and duration. P≤0.05 was considered significant. Means and standard errors were also estimated. The SAS program was used for all statistical analyses. 19 
Results
The results of this study are presented in Tables 1-3 Table 1 illustrates a significant increase in total leukocyte count, lymphocytes, neutrophils, and lysozyme in Group 2 (Nigella sativa) and Group 3 (garlic) of experimental mice. GSH significantly increased in Group 2 while Malnoaldhyde (MDA) had the same value in Group 2 (Nigella sativa) and non-significant decrease in Group 3 (garlic).
Hematological and immunological findings
Histopathological and electron microscopic results
Clinically, the mice of Groups 1, 2 and 3 showed normal posture (back slightly arched when sitting) and mobility (agile with stretched back) reactions to stimuli (sound, light, smell), with exploratory behavior and self-grooming with their teeth and claws. The mice of Group 4 were lethargic, depressed, with reduced self-grooming and problems of mobility while the mice of Groups 5 and 6 showed relatively improved activity. The tumors induced by ETC inoculation at the site of injection were very prominent, nodular and revealed fast growth (Group 4) while Groups 5 and 6 showed a relatively smaller and slower tumor growth compared to Group 4. The central area of the tumor was depressed and necrotic in Group 4 while extensive areas of atrophy and necrosis on the tumor growth were seen in Groups 5 and 6. In Group 1 (control group), the internal organs of the experimented mice showed no prominent histopathological changes. In Group 2 (Blackseed, Nigella sativa), the liver showed focal vacuolar degeneration in the hepatocytes and activation of Kupffer's cells ( Figure 1A) . The lung was congested and infiltrated with mononuclear leukocytes. The kidneys revealed congestion, tubular nephrosis and proliferation of mesangial cells. The intestine exhibited mucinous degeneration in the epithelial lining, and some mononuclear cell infiltrations in the lamina propria and submucosa. The spleen showed active proliferation of lymphocytes in the white pulp ( Figure  1B the lamina propria ( Figure 1D ). The spleen showed focal proliferation of lymphocytes in the white pulp. In Group 4 (Ehrlich tumor cells), the histopathology of the neoplastic mass consisted of numerous tumor cells that exhibited excessive proliferation, a large size with signs of malignancy. The cells were varied in shape and size and mostly ovoid to polyhedral in shape (Figure 2A ). The neoplastic mass showed congested blood vessels and focal hemorrhage in the stroma. The cells contained hyperchromatic nuclei with typical and a typical mitotic figures ( Figure 2B ). The center of the neoplastic mass contained some degenerated vacuolated cells of weak staining affinity. The ultrastructural studies of the neoplastic growth exhibited pleomorphic cell with pleomorphic hyperchromatic nuclei that showed activated euo-and heterochromatin. Cavitation of the cytoplasm was common with the glycogen granules dispersed within the cytoplasm. Most of the cytoplasmic organelles were degenerated and the mitochondria swollen. Lysozyme activities were also observed ( Figure 3A ).
In Group 5, (Blackseed, Nigella sativa + Ehrlich tumor cells), the microscopic finding of the neoplasitic mass lacked the characteristic architecture and appeared to be much smaller. The majority of the neoplastic cells were degenerated and lost their nuclei. Also, widespread necrosis and focal hemorrhage were found among the neoplastic tissue ( Figure 4A ). The necrotic neoplastic cells were replaced by empty cavities with congested blood vessels, focal hemorrhage, while others showed pyknotic or karryolytic nuclei ( Figure 4B ). The electron microsopic appearance of the neoplastic growth showed degenerated and swollen cells. The glycogen granules were dispersed and restricted toward the extremity of the cell. The mitochondria and endoplasmic reticulum were swollen, other cytoplasmic organelles were degenerated and appeared homogenous, especially those around the nuclei. The nucleus showed condensation of both heterochromatin and euochromatin ( Figure 3B ). In Group 6, (Garlic, Allium sativum + Ehrlich tumor cells), the light microscopic picture of the neoplastic mass consisted of a comparatively lower number of tumor cells that showed moderate proliferation, localized size, and with signs of degeneration and necrosis. The neoplastic mass consisted of numerous pleomorphic neoplastic cells with a considerable number of tumor cells. Some cells showed enlarged and hyperchromatic nuclei while others lacked their nuclei or were necrotic ( Figure 5A ). Focal to diffuse areas of necrosis were observed between the neoplastic cells. The necrotic cells were replaced by empty cavities with focal to diffuse hemorrhage ( Figure 5B ). The electron microscopic appearance of the neoplastic growth showed multiple cavitations within the cytoplasm with pyknotic nuclei that exhibited condensed chromatin. The majority of the cytoplasmic organelles were degenerated and necrotic. The mitochondriae were swollen and degenerated. Signs of lysozomal activities were observed ( Figure 3C ).
Discussion
The hematologic parameters showed a significant increase in total leukocytes, lymphocytes, neutrophils, and lysozyme in Groups 2 and 3. These findings were confirmed histopathogically by activation of Kupffer's cells, active proliferation of lymphocytes in the white pulp which indicate the immunostimulating effect of both garlic and blackseed. These results are in accordance with those obtained by Nya et al., 9 who recorded increased phagocytic activity and serum lysozyme activity after feeding the garlic component, allicin, for 14 days. Tousson et al., 20 mentioned that the blood constituents of rabbit feed with Nigella sativa showed a significant increase in the percentages of hemoglobin, hematocrit, the mean corpuscular hemoglobin and white blood cell (WBC) counts. Majdalawieh et al., 11 reported that aqueous extract of Nigella sativa significantly enhances NK cytotoxic activity against YAC-1 tumor cells, suggesting that the documented anti-tumor effects of Nigella sativa may be, at least in part attributed to its ability to serve as a stimulant of NK anti-tumor activity. Furthermore, in vitro and in vivo studies have revealed that garlic extract stimulated immune functions, such as proliferation of lymphocyte, cytokine release, NK activity and phagocytosis. 21 Abdel-Salam and Sayed, 22 reported that garlic pre-treatment of liverinjured rats induced significant amelioration in the numbers of monocytes and lymphocytes, with significant increase in granulocytes numbers. Aqueous and ethanolic extracts of garlic powder significantly stimulated proliferation of lymphocytes and an increase in IL-2 and IL-4 production in vitro. 23 Such immune stimulation may be one of the possible mechanisms of the anti-cancer effect of garlic and blackseed. The GSH was significantly increased in Group 2 while Malnoaldhyde (MDA) was the same as in Group 2 (Nigella sativa) and nonsignificant decrease in Group 3 (garlic). Avci et al., 24 reported that ingestion of garlic significantly lowered plasma and erythrocyte MDA levels and increased activities of some antioxidant enzymes that indicates that consumption of garlic decreases oxidation reactions. Attia et al., 25 stated that omega 3 and NO might prevent oxidative stress and attenuate the changes in the biochemical parameters induced by gamma-HCH in male rats. El Shenawy et al., 26 reported that protection with AGE and NSO prevented most of the hematologic and biochemical changes, and markedly improved anti-oxidant capacity. It is quite possible that reduced peroxidation processes and significantly increased GSH activity may lead to the inhibition of carcinogen-induced nuclear damage by sulfides in garlic and thymoquinone in Nigella sativa. 27, 28 Histopathologically, the internal organs of the experimental mice of Groups 2 and 3 showed proliferation of the mononuclear phagocytic system with mild degeneration of internal organs. Our results are in agreement with those of Tousson et al., 20 who found Nigella sativa alone or combined with Thymus vulgaris are good supplements for growing rabbits without any adverse effect on histological structure of liver, kidney and testis. Similar findings were described by Salim and Fukushima, 29 and Ali and Blunden, 15 who reported that administration of either Nigella sativa seed extract or its oil revealed no pathological changes in the liver, kidneys, spleen, or other organs of rats; the active proliferation of lymphocytes in the white pulp in this study agreed with our hematologic parameters.
Article
The histopathological and electron microscopic findings in experimental mice in Group 4, in which neoplastic mass consisted of numerous tumor cells, exhibited excessive proliferation, large size and signs of malignancy. The ultrastructural studies of the neoplastic growth showed pleomorphic cell with pleomorphic hyperchromatic nuclei that showed activated euo-and heterochromatin with cytoplasmic cavitations and organelle degeneration. Lysozyme activities were also observed. This may be attributed to Ehrlich tumor cell that may generate free radicals, disturbing the anti-oxidant status and ultimately leading to oxidative stress and carcinogenesis. 30 Mice in Groups 5 and 6 revealed neoplastic mass which consisted of a comparatively lower number of tumor cells that showed moderate proliferation, localized size, and with signs of degeneration and necrosis. The electron microscopic appearance of the neoplastic growth showed multiple cavitation within the cytoplasm with pyknotic nuclei that showed condensed chromatin. Minimal pleomorphism and vaculation as compared to Group 4 were seen. These findings were similar to those obtained by Khan and Sultana, 31 who recorded that Nigella sativa is a potent chemopreventive agent and suppresses Fe-NTA-induced oxidative stress, hyperproliferative response and renal carcinogenesis in Wistar rats. Garlic and its allyl sulfur may exert their protective effects on carcinogenesis in animal and in vitro by several mechanisms, including inhibition of carcinogen-induced DNA adduct formation, 32 blockage of cell growth, blockage of cell proliferation, and blockage of angiogenesis, 33 induction of differentiation and/or apoptosis, 5, 34 enhancement of carcinogen-detoxifying enzymes, 35 and/or suppression of carcinogenactivating enzymes, 36 inhibition of cyclooxygenase-2 expression, 37 scavenging carcinogeninduced free radicals, 38, 39 and inhibition of lipid peroxidation. 39, 40 Another possible mechanism of cancer prevention and suppression of cancer progression is immune enhancement by garlic, 9 and Nigella sativa, 21 and these agreed with our hematologic and histopathological findings.
In conclusion, it could be said that both garlic and black seed minimize the histopathological and electron microscopic alterations of ETC in mice. This may be due to an immunestimulatory effect, reduced lipid peroxidation processes, and/or enhancement of anti-oxidant action. 
